Optical coherence tomography (OCT) with ultrahigh axial resolution was achieved by the super-continuum generated by coupling femtosecond pulses from a commercial Ti:sapphire laser into an air-silica microstructure fiber. The visible spectrum of the super-continuum from 450 to 700 nm centered at 540 nm can be generated. A free-space axial OCT resolution of 0.64 µm was achieved. The sensitivity of OCT system was 108 dB with incident light power 3 mW at sample, only 7dB below the theoretical limit. Subcellular OCT imaging was also demonstrated, showing great potential for biomedical application.
Optical coherence tomography (OCT) is an emerging technology for micron-scale cross-sectional imaging of biological tissue and materials. OCT is analogous to ultrasound imaging except that it uses low coherence light instead of sound waves [1] . High-resolution detection of reflected or backscattering light is performed using low coherence interferometer. Compared with the conventional X-ray computed tomography, magnetic resonance imaging and ultrasound imaging, OCT is noninvasive, safe, portable and of high resolution.
In fact, current time domain OCT systems are mainly based on an amplitude division interferometer like a Michelson interferometer or a Mach-Zehnder interferometer. In the amplitude division interferometer a 50/50 beam-splitter divides a source beam into two parts/ beams, whose wave fronts are the same as the source beam but with half amplitude. In a conventional OCT system, the two beams serve as a sample arm and a reference arm light, respectively. Interference will occur at the detector when the light reflected by the sample and that by the reference mirror rejoin in the detection arm, provided that the optical path deference of the two beams is less than the coherence length of the light source. The interference signal is then demodulated and digitized by an A/D converter to form one line of the sample image. With scanning along the sample, a 2-D image can be obtained.
Recently, OCT technology has experienced a rapid development. By combining with the Doppler principle, rapid-scanning optical delay line, and catheter-endoscope technology [2] [3] [4] , the application of OCT has been expanded. Spectral optical coherence tomography or Fourier domain optical coherence tomography (FDOCT) has drawn significant attention, for it can implement very fast axial scan speed and high sensitivity [5] .
In recent years there are increasing applications of optical imaging for biomedical study. Two requirements for the techniques are crucial: one is safety for fast imaging and long time observation, and the other is high resolution for acquisition of detail information. Due to the development of ultrafast laser technology and high nonlinearity of photonic crystal fibers, air-silica microstructure fibers [6] and tapered fibers [7] can generate an extremely broadband continuum extending from 390 to 1600 nm using low energy femtosecond pulses. This bandwidth enables ultrahigh resolution OCT because of the λ 2 /Δλ dependence of the axial OCT resolution.
Here we demonstrate that the broad bandwidth of the continuum from 450 to 700 nm centered at 540 nm in the visible spectral region can be generated by femtosecond pulses from a commercial Ti:sapphire laser coupled into on air-silica microstructure fiber. The spectrum is limited on the side of shorter wavelength by the transmission properties of the microscope objective and on the side of long wavelength by the free spectral range of the spectrum analyzer. Because of the λ 2 /Δλ dependence of the axial OCT resolution the current bandwidth is probably the best to achieve high resolution, as shorter the wavelength and broader the bandwidth, higher the resolution. We show that longitudinal OCT resolution below 0.64 µm is feasible using the visible part of the continuum. Because of the high dispersion of the typical optical materials in this wavelength range and the lack of broadband fiberoptic couplers, we used a free space optical setup to demonstrate ultrahigh resolution OCT in the visible spectral range as shown in Figure 1 . Dual balance detection is employed to reduce the noise from the light source, the half-wave plate to optimize the coupling of laser beam and the crystal fiber, apertures before detectors to block the scattering background light and Faraday isolator to remove the retro-reflection of the laser from fiber coupling for stable running of the laser system.
The feasibility of OCT imaging with submicron longitudinal resolutions in air using the supercontinuum light source was shown by an isolated reflection from a silver mirror. The spectrum of the collimated continuum (Figure 2(a) ) was measured by an optical spectrum analyzer and had a bandwidth (FWHM) of 26 nm centered at 540 nm. The detected optical spectrum (Figure 2(c) ) is calculated by Fourier transform of the interferometric signal, which is shown together with its envelope in Figure 2 (b). The free-space axial OCT resolution of 0.64 µm was obtained by measuring the full width at half maximum of the envelope. This is, to our knowledge, the highest longitudinal OCT resolution demonstrated to date in this wavelength range [8, 9] .
The detected optical spectrum (Figure 2(c) ) was calculated by Fourier transforming the interferometric signal. The detected spectral bandwidth is 170 nm. This broadening of the bandwidth occurs possibly due to an attenuation of the short wavelength part of the light source and also the spectral responsibility of the detector. This is because that the optics in experimental setup and also the window of the detector have lower transmission Figure 1 Ultrahigh resolution OCT system using continuum generation in an air-silica microstructure fiber as the light source. MO, microscopic objective lens; BS, beam splitter; D1, D2, detector; λ/2, half-wave plate; A, aperture.
